Background: The intention was to find out whether there was an association between the socioeconomic resources in a small neighbourhood ("basic statistical unit"; BSU) and individual mortality, net of individual resources, and whether this association differed between municipalities including a quite large city and others. The possibility of a rural-urban difference in the health effect of community resources has not been checked earlier.
Background
It is well known that a person's health or mortality is related to her or his own socio-economic resources [1] . In addition, many recent multilevel studies from a variety of countries [2, 3] , including the Nordic ones [4] [5] [6] [7] , have suggested that, among persons who themselves have the same level of resources, those who live in a community that is relatively advantaged socio-economically have lower mortality and better health than others. Such effects have not shown up in all investigations, though [8] [9] [10] [11] . There is little knowledge about the pathways linking individual mortality and community resources [12] , but it seems at least reasonable to assume that they involve effects of social interaction with other persons as well as more general effects of the community environment, which others have contributed to build up (see elaboration below). In addition, there may of course be common factors behind individual mortality and community resources.
The level of aggregation has varied greatly across the multilevel studies, from US states [13] or clusters of municipalities [14] [15] [16] , to areas such as census tracts or city boroughs [4, 6, 17, 18] or even census block groups or parishes with only about 1000-2000 persons [5, [19] [20] [21] [22] . There are also a few studies that have been based on British census enumeration districts or other small areas with as little as 500 inhabitants [9, 23, 24] , and some have considered more than one level of aggregation [25, 26] . It is indeed not obvious what the most appropriate level would be. Much social interaction with others takes place within a neighbourhood, while other relevant mechanisms operate at a higher level (see below). Some results suggest that the community effects are sharpest at a relatively low level [27] , but the empirical picture is far from clear.
In some earlier studies, the possibility of cross-level interactions has been addressed. For example, it has been checked whether the association between individual health or mortality and community resources depends on the person's own age [4, 16] , sex [18, 28] , socio-economic resources [24, 26, 29, 30] or marital status [31] . In addition, interactions with community-level social cohesion have been analysed [23] , and it was reported in a Dutch study, without speculating about explanations, that effects varied across the largest cities [32] . Also variations across countries have been assessed [33] .
Several analyses have been confined to single cities, for example Copenhagen [6] , Stockholm [34] , Helsinki [4, 17] , Amsterdam [27] , London [17] , or Chicago [35] , or groups of cities or urban census tracts [29, 30] . This may reflect an idea that community effects are likely to be sharpest in urban areas, but such a pattern is not documented in the literature. In fact, Sampson [36] pointed out in a review that it is important also to study neighbourhood effects in suburbs and rural areas.
The objective of the present study was to find out whether the effect of community socio-economic resources on individual mortality (or, rather, the relationship between the two, since one cannot expect to be able to control perfectly for selection) indeed is stronger in urban than in rural areas, using nation-wide Norwegian register data where the so-called "basic statistical unit" (BSU) was the level of aggregation. There are more than 13000 such units in the country, having about 350 inhabitants on average. All Norwegian women and men at age 60-89 (currenty, only 7% die at lower ages [37] ; see also comment on age restriction below) were followed over two three-year periods, 1990-1992 and 2000-2002 (see motivation for the choice of study periods below). Because few earlier studies have used such a low level of aggregation (in fact none quite as low), and none of them have been based on such a large data set for an entire country, even the overall effects -without regard to the rural-urban differences -should be of interest. Average education was used as the only indicator of community socio-economic resources. It has been included also in earlier multilevel health analyses, alone or in combination with other community variables [5, 29, 38] or as one of several factors in a socio-economic index [26, 30, 39] . Education is of course closely correlated with income, and especially at the aggregate level [40] , so the estimated effects of education also reflect income effects. More precisely, community education affects mortality partly through community income and partly through various non-economic pathways (see discussion below). In addition, community education is to some extent determined by community income.
Methods

Municipalities and basic statistical units (BSUs)
The municipality is the lowest political-administrative unit in the country, except that a few very large municipalities have transferred some authority to boroughs. There were 433 municipalities when the data were compiled (currently 430). Their size differs greatly. Oslo has about half a million inhabitants, and there are 4 other urban municipalities with 100000 -250000 inhabitants. Among the others, the average population size is 7000, with a variation from 200 to 75000. The largest of them include a city, while the smallest are typically rural.
Each municipality includes a number of BSUs (varying from 2 in the smallest municipality to about 500 in Oslo), which are used in the production of statistics. In total, there were 13277 BSUs in the 1990-92 analysis. The average population size of each BSU is larger in the largest municipalities than in the smaller ones (e.g. 641 persons at age 30-89 in the 10 largest municipalities and 156 in the 100 smallest) and the average education is higher (e.g. one year higher in the 10 largest municipalities than in the 100 smallest).
Data
The data covered the period up through 2002. They were extracted from the Norwegian population register, which includes everyone who has ever lived in Norway after 1960, and education files from Statistics Norway based on censuses and schools' reporting. For each person, there was information about municipality of residence 1 January every year since 1965, defined not by the official municipality identifiers that could have been used to add more municipality data from other sources, but by internally consistent codes that could be used to construct municipality averages of education and other characteristics by aggregation. The BSUs where the person lived in January 1990 and 2000 were defined by a similar set of confidentiality-preserving codes (i.e. it was possible to calculate average education and other aggregate measures for each BSU, and the researcher knows whether two BSUs are in the same municipality, but not which municipality this is and not whether the two BUSs are adjacent to each other or in different parts of the municipality). The choice of study periods was motivated by practical concerns. When random effects models (see below) are estimated from these Norwegian register data that cover complete cohorts, the standard multilevel software does not allow many years of observation to be included. Further, when using a short observation period such as three years, it would be sufficient to consider only the place of residence at the beginning of the first year, making data construction easier. To strengthen the analysis, while focusing on relatively recent patterns, two three-year periods were considered, one including the three last years covered by the data and one 10 years earlier. Mathematically, the model was where p irst is the probability that person i who lived in BSU r in municipality s at the beginning of year 1990 and still was alive in the country at the beginning of year t (1990-1992) dies within year t. X irst is a vector of characteristics of the person at the start of t, V rs is a vector of characteristics of the BSU (measured in 1990), and W s is a vector of characteristics of the municipality (also in 1990). β 1 , β 2 and β 3 are corresponding effect vectors. It was not necessary to include a period term.
Estimation of discrete-time hazard models
In accordance with common practice in multilevel modelling [41] , random terms at the BSU (τ rs ) and municipality level (υ s ) were included to account for unobserved characteristics at those levels. This increases standard errors of effects at those levels, but has minor impact on point estimates. The MLwiN software (version 2.01) was used for the estimation. Odds ratios with confidence intervals were calculated manually from the reported β estimates and their standard errors. Most models were estimated separately for three groups of municipalities, each including about 1/3 of the deaths in the total material: the 339 municipalities with less than 2000 inhabitants at age 60-89 (33213 deaths), the 82 municipalities with 2000-8000 inhabitants at that age (34947 deaths), and the 12 municipalities with more than 8000 inhabitants (34517 deaths). In these groups, there were 6021, 4597 and 2659 BSUs, respectively. The same cut-points were used in the analysis of 2000-2002, when the number of deaths in the three groups were 30798, 32272 and 31221, respectively, and the total exposure time was 2582427 person-years.
It should be noted that the restriction of the analysis to age 60-89 is not critical. In fact, the pattern in the estimates was the same when persons aged 30-59 were considered instead (not shown).
Education variables
The education variable referred to the highest level attained as of October the year t-1. Five educational levels were defined [42] : i) compulsory (10 years), ii) lower secondary (11-12 years), iii) upper secondary (13 years), iv) some college (14) (15) (16) (17) , and v) higher education (18 years or more). The distribution over the educational levels is shown in Table 1 .
Unless otherwise stated, the number of years of education (set to 10, 11, 13, 15, and 18 years in the 5 categories; using 16 and 19 instead of 15 and 18 gave essentially the same results) was averaged over all women and men of age 30-89 in the BSU. This large age group was chosen because of the small population in several BSUs. In 1990, the average education varied between 10.0 and 16.5 years, with a mean of 11.6 and a standard deviation of 0.74. As a robustness check, some models included the average over the age groups 30-59 or 60-89 instead of 30-89. 
Control variables
community socio-economic resources and individual mortality have shown that it is very important to control for urbanization [20] . In the present study, the logarithm of the population size of the BSU (at age 30-89) and the logarithm of the population size of the municipality (age 60-89) were included. The former was particularly important, and especially in the models for the smallest municipalities. Similar results were found if population size instead was entered as 10-level categorical variables.
Also the average age in the BSU (negatively associated with average education) was included, which turned out to be quite important. Further, individual age was included as a categorical variable with 5-year groups. A finer categorization gave the same results. Sex was included in most models.
Measures of the distributions of these variables are shown in Table 1 .
Results
In 1990-1992, individual mortality was inversely related to the average education in the BSU, given individual education ( Table 1) . The relationship was significant only in the medium-sized and largest municipalities, and clearly sharpest in the latter (Panel A, Table 2 ). The use of a categorical variable showed that the effect in the largest municipalities was quite monotonic (Panel B, Table 2 ). In these municipalities, a two-standard-deviation increase in average education would reduce mortality by 13 percent (=1-0.908 2·0.74 ) if we give the estimates a causal interpretation.
Excluding observations from BSUs with less than 50 persons at age 30-89 reduced the data sets by 1-5%. The estimates were essentially unchanged (Panel A, Table 3 ). When average education at age 30-59 was included instead of that at age 30-89 (and average age also was calculated for that interval), the effect in the largest munici- palities was more weakly negative, and that in the medium-sized municipalities was no longer significant. Using the average at age 60-89 gave results more similar to those obtained with age 30-89. There were quite small sex differences (Panel B, Table 3 ).
Finally, the analysis was repeated for 2000-2002. The results were similar, except that a positive effect appeared for women in the smallest municipalities (Table 4) .
Discussion
General mechanisms
To facilitate the discussion of the rural-urban differences, some general causal mechanisms are first briefly reviewed, with special attention to the level at which they may play out in the Norwegian setting.
One reason why one might expect an effect of community education is that better-educated people may have learned about health at school; they may have become more conscious about the ability to influence their health; and their skills and credentials may have given them a higher income, in turn facilitating health-promoting activities [43] . This knowledge, attitude and behaviour may be passed on to others through social interaction [44] . It is not easy to define an appropriate level of aggregation for this mechanism. One typically interacts directly with a subgroup of people in the neighbourhood, who in turn interact with others. In addition, there is direct interaction * p < 0.10; ** p < 0.05; *** p < 0.01; **** p < 0.001 two-sided a The models also included individual education, age, sex, the logarithm of the population size in the BSU, the average age of the population in the BSU, the logarithm of the population size in the municipality, a random term at the BSU level, and a random term at the municipality level. In panel A, the variances of the random effects at BSU and municipality level were 0.0264 and 0.0113, respectively, in the smallest municipalities, 0.0506 and 0.0045 in the medium-sized municipalities, and 0.0499 and 0.0023 in the largest municipalities. b Reference category 
Smallest municipalities Medium-sized municipalities Largest municipalities
Panel A:
As model in Table 2 * p < 0.10; ** p < 0.05; *** p < 0.01; **** p < 0.001 two-sided a The models also included individual education, age, sex (only Panel A), the logarithm of the population size in the BSU, the average age of the population in the BSU, the logarithm of the population size in the municipality, a random term at the BSU level, and a random term at the municipality level. b Average age also calculated within age 30-59 c Average age also calculated within age with persons outside the immediate neighbourhood, and one observes other people's lifestyle in a more anonymous way through wide-covering media.
A second type of pathway that in principle may be relevant is that the higher average income resulting from higher education among people in the neighbourhood may contribute to a more pleasant physical environment, which may encourage outdoor physical activities and perhaps produce a general feeling of well-being. (In some countries, low crime rates in the richest neighbourhoods may add to the advantage.) Again, a broader area is also of relevance. One may benefit from the qualities of other areas not too far way, and if there are rich people in other parts of the municipality there will be higher incomes from taxation to spend on upgrading of all neighbourhoods in the municipality.
A third possible mechanism, operating in particular at the municipality level or even higher, is that the education of other people might affect the quality of the health services. As a background for this argument, some basic facts about the Norwegian health care system are necessary: The municipalities are responsible for primary health care, including for example health centres with general practitioners and nursing homes [45] . These services are financed by the municipalities' tax revenues, various types of transfers from the national government (grants to the municipality, partly to compensate for low levels of local revenues, and reimbursements for each patient from the national social security system), and relatively small payments from the patients. In addition, many general practitioners operate on a private basis, but with much support from the municipality and the national government. Specialist health services are to an even larger extent public. During the period under study, the vast majority of the hospitals -each of which had responsibility for a certain group of municipalities -were owned by and financed by the government or the counties (the incomes of the latter stemming from taxation of their citizens and government grants). The additional private hospitals or individual specialists receive support from the government. Returning to the importance of socio-economic resources, it may possibly be easier to recruit qualified personnel to the various private and public health services in (or with special responsibility for) the municipality under consideration when many persons in that municipality or nearby are well educated. One might also expect that higher tax incomes in the municipality would contribute to a higher density of public health centres or nursing homes, or that higher purchasing power of the inhabitants might fuel the establishing of private health services, which also the socially less advantaged could benefit from. Unfortunately, there is little knowledge about these potential effects. In one study, a positive association between the economic resources available to the municipality government and the density of primary physicians was suggested, though the mean income level appeared to be unimportant [46] .
Fourth, a high level of education within an area that may be considered a local labour market may, of course, not only increase the income of "others", but also increase the chance that the person under consideration has a wellpaid job and thus a high retirement pension later. A high income may in turn reduce mortality [47] because of its implications for the person's health behaviour or (though less relevant in a society with a public health care system) his or her access to good health care.
A fifth possible mechanism, through probably less important, is the following: When other people have better health because of better education, and therefore present less competing demand for health services, the individual under consideration may receive better help. Given the organization of the health care system, the municipality * p < 0.10; ** p < 0.05; *** p < 0.01; **** p < 0.001 two-sided a The models also included individual education, age, sex (in some of the models), the logarithm of the population size in the BSU, the average age of the population in the BSU, the logarithm of the population size in the municipality, a random term at the BSU level, and a random term at the municipality level. b Average age also calculated within age 30-59 c Average age also calculated within age level is especially relevant, but the competing demand in a broader area may also have some importance, and for nursing homes in the largest cities, the catchment area is often one or more boroughs.
Sixth, there may be an offsetting mechanism contributing to an adverse effect of community education: If we compare among persons with the same level of education who live in different areas, those who live in neighbourhoods with a high average education have a lower education relative to others in the neighbourhood than do those who live in neighbourhoods were people are not so well educated. It has been argued that a low relative income may produce a psychosocial stress that increases mortality [15, [48] [49] [50] [51] , and perhaps a low relative education has a similar impact, although it is typically less visible. Just as for the learning argument, a relevant level of aggregation is difficult to define.
Possible reasons for differences between small and large municipalities?
The argument about pleasant physical environments is probably not very important in Norway, where even the poorest neighbourhoods do not look too bad, and green and perhaps quite unspoiled areas are never far away. It is of particularly little importance in the more rural areas. Below, it is discussed whether also the other causal pathways suggested above might be less powerful in the less populated (and more rural) municipalities.
Let us first consider the mechanisms involving social interaction or comparison with others, which are particularly likely to operate at a low level of aggregation. In the smallest municipalities, the BSUs tend to include fewer persons and cover a larger area than in the larger municipalities. Should we expect that the influence from other people in the same BSU, through learning, imitation or comparison, is weaker when there are fewer of these people and the distance to them is larger? That is far from obvious. For example, while it may be easier to meet people when distances are short, high population density may also strengthen the need for privacy. Empirical studies have provided mixed conclusions. Some have suggested that low population density reduces the amount of social interaction [52] , while others have pointed in the opposite direction [53] .
The other mechanisms probably operate largely at a higher level, i.e. also the socio-economic characteristics of neighbouring BSUs may affect mortality [54] [55] [56] through these pathways. Unfortunately, there is no information about neighbouring BSUs in the data (see comment on BSU identifiers above), but it seems reasonable to base the discussion on an assumption that there is some clustering, in the sense that low-education BSUs in a municipality are more likely than the high-education BSUs to have loweducation BSUs as neighbours.
Let us first assume that the degree of clustering is the same throughout the country. Certainly, the generally higher educational level in the large municipalities means that low-education BSUs in small municipalities are more likely to have low-education BSUs as neighbours than are the low-education BSUs in large municipalities. However, that is the case also for high-education BSUs. The assumption about homogenous clustering means that the difference between low-and high-education BSUs in the proportion low-education BSUs among their neighbours is the same for small and large municipalities. In such a situation, one possible reason for the pattern in the estimates may be the following: In the largest municipalities, the neighbouring BSUs within the area under consideration may have a large enough population to function as a local labour market or a catchment area for health institutions, making the arguments above about well-paid jobs and high-quality health care particularly relevant. In contrast, these factors may be influenced by BSUs farther away, which may be more different, in the smaller municipalities. (The social interaction mechanisms also involve this higher level of aggregation [57] , but as mentioned earlier, and with relevance also at a higher level, the interaction with population density is not obvious.)
The other possibility is that the degree of clustering actually does differ between small and large municipalities, so that the health of those who live in a low-education BSU in a large municipality is more negatively influenced by characteristics in the wider community than is the case for those living in high-education BSUs, while there is less difference between the neighbours of low-and high-education BSUs in rural areas. That would accord with the sharper relationship between individual mortality and BSU average education observed in the largest than in the smallest small municipalities. Unfortunately, the empirical underpinning for such an idea is weak. There appear to be some differences between the largest Norwegian cities in the degree of spatial segregation above the BSU level [58] , but the rural-urban differences have not been checked (and it could not be done with the data available here). Recent American studies based on measures of dissimilarity at different levels of aggregation have not documented any such relationship with population size either [59, 60] .
Confounders
In addition to the causal effects discussed so far, the estimates may reflect various selection mechanisms. One is that certain characteristics of the BSU or a larger area that increase people's chances of taking much education or that attract people with high education (e.g. physical envi-ronment, economic resources, or cultural values) also may affect mortality. In this study it is only controlled for the population size of the BSU and the municipality and the average age. In principle, the rural-urban differences in the estimates may reflect that there are other additional determinants of education in small than in large municipalities. For example, low-education BSUs in large cities may to a larger extent than low-education BSUs elsewhere be located near major traffic routes, which may increase mortality.
Further, the estimates may be partly a result of individual unobserved characteristics because of selective migration. More precisely, people who live in a BSU where the average education is high may be different (beyond what we can measure with the available variables) from those living in other BSUs, and not as a result of the high average education, which would simply be a causal pathway, but because some characteristics may increase the chance of moving to or remaining in a place with many better-educated. These characteristics may also affect mortality. For example, one might speculate whether high-class areas in large cities are particularly popular, perhaps because their advantages for some reason are more conspicuous, and therefore attract a special type of "successful" people who would have low mortality anyway.
Conclusion
Using a low level of aggregation compared to most other studies and a data set with a large number of such units and many observations, this study has supported the idea of an association between community socio-economic resources and individual health and mortality, though there is a far step from this to assuming a causal effect. The relationship is restricted to the largest municipalities. One reason for this may be that also neighbouring BSUs are influential, and that there is a stronger spatial segregation above the BSU level in the urban areas. Put differently, the use of a somewhat higher level of aggregation might have given less pronounced rural-urban differences, and perhaps generally stronger effects. However, there are also other possible reasons for the observed pattern. Further exploration of rural-urban differences, based on data with measurements at several levels, might be worthwhile. If also other studies reveal such differences, it would suggest that distinctions according to population size or density be made in future research and that one should be careful, if focusing on cities, to generalize beyond that setting.
